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@ A process for the epoxydation of olefinic compounds. 

(57) A process for the epoxidation of olefinic compounds 
comprising reacting said compounds with hydrogen per- 
oxide introduced as such or produced by substances under 
the reaction conditions, in the presence of synthetic zeolites 
containing titanium atoms corresponding to the general for- 
mula: 

XTi0 2 .{1-x) Si0 2 

wherein x is in the range of from about 0.0001 to about 0.04, 
and optionally, in presence of one or more solvents, at a tem- 
perature in the range of from about 0 to about 150°C. and at a 
pressure of from about 1 to about 100 atm. The synthetic 
zeolites are treated with alkaline substances before and/or 
during their use in the reaction, or alternatively the synthetic 
zeolites are acid neutralized with a compound such as 
X -Si-(R) 3 where X is selected from CI, Br, I, 
CH 3 CON-Si-{CH 3 ) 3 , CF 3 CO0N-Si-(CH 3 ) 3 , {R) 3 -Si-NH, 
and an imidazolyl group wherein R is selected from an alkyl, 
aryl or alkylaryl group. 
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FIELD OF THE INVENTION 
The present invention is directed to a process 
for the epoxidation of olefinic compounds with hydrogen 
peroxide introduced as such or produced by substances 
under the reaction conditions, in presence of synthetic 
zeolites containing titanium atoms, wherein the 
synthetic zeolites are j^acid^ neutralized C a s to their acidity>. 

BACKGROUND OF THE INVENTION 
European Patent Application No, 100119 
discloses a process for the epoxidation of olefinic 
compounds, starting from olefins and hydrogen peroxide 
or substances which can produce hydrogen peroxide under 
the reaction conditions, wherein the catalyst is a 
synthetic zeolite containing titanium atoms (titanium- 
silicalite) corresponding to the general formula: 

x Ti0 2 , (l-x)Si0 2 
wherein x is in the range of from 0.0001 to 0,04. The 
catalyst is chosen from among catalyst compositions 
having the following molar ratios of reactants: 

Molar Ratios of Reactants Preferred Molar Ratios 

Si0 2 /Ti0 2 5-200 35-65 
OE~/Si0 2 0.1-1.0 0.3-0.6 

H 2 0/Si0 2 20-200 60-100 

Me/Si0 2 0.0-0.5 0 

RN + /Si0 9 0.1-2.0 0.4-1.0 

wherein RN represents an organic nitrogen cation 
derived from the organic base utilized for the 
preparation of titanium- silicalite (TS-1 ) . Me is an 
alkaline ion, preferably chosen from among Na or K. 

The final TS-1 product is a composition having 
the formula x Ti0 2 . (l-x)Si0 2 wherein x is in the range 
, of from 0.0001 to 0.04, preferably from 0.01 to 0.025. 
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TS-l is silicalite type product wherein titanium atoms vi- 
cariate the silicon atoms. A further and more precise 
identification of the titanium- silicalite which is used 
as a catalyst is set forth in said European patent 
5 application and in Belgian Patent No. 886812. 

The titanium- silicalite catalyst may be utilized 
in the expoxidation reaction as a dust or preferably in 
the form of granules having a particle size of from 5 to 
10 1000 wherein the granules are made of zeolitic 

crystals bound by a suitable inorganic binder, preferably 
oligomeric silica. 

It has been observed that in the synthesis of 
15 epoxified compounds derived from olefins and hydrogen 

peroxide with said catalysts in a protic medium (such as 
water, alcohol and mixtures thereof), selectivity of the 
desired epoxide is generally very high. Yet some amount 
of by-products from solvolysis is always present, 
20 especially when working at high temperatures. This 

results in increased costs because of the lower yield of 
the epoxide and because of the need to separate the 
by-products from the reaction. 

25 ix. has surprisingly been found thst it is 

possible to significantly reduce the amount of the 
aforesaid undesirable by-products by treating the 
catalyst prior to the reaction or during the reaction 
with suitable acid neutralizing agents to neutralize 
30 acid groups which are on the catalyst surface. 

The catalyst can also.be treated with a substance which 
can neutralize catalyst acidity using an inert group 
bound to a polar group which is easily displaced by 
reaction with SiOH. 

35 
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The acidity of non-treated titanium- silicalite 
is ? already very low which is due to the presence of some 
SiOB groups, especially on the outer surface of the 
crystals or in the lattice defects. However, the 
5 presence of even a small number of acid groups results 
in the production of unacceptable amounts of by-products 
due to the solvolysis reaction described above. 

SUMMARY OF THE INVENTION 
10 The process of the epoxidetion of olefinic 

compounds in accordance with the present invention 
comprises reacting in a reaction zone one or more 
olefinic compounds with hydrogen peroxide or substances 
which produce hydrogen peroxide under the reaction 
15 conditions, in presence of a catalyst comprised of a 
synthetic zeolite ( titanium- silicalite) , wherein the 
catalyst is, prior to the epoxidation reaction, neutralized 
as to its acidity by a compound cf the formula X-Si-(R) 3 
wherein X is selected from CI, Br, I, CH 3 C0N-Si-(CH 3 ) 3 , 
20 CF 3 COON-Si-(CH 3 ) 3 , (R) 3 -Si-NH f and an iir.icazolyl group, 
wherein R is an alkyl, aryl or alklaryl group wherein 
the alkyl group has from 1 to 4 carbon atoms. 



Catalyst neturalization may also be accomplished 
25 before and/or during the reaction, with basic substances 
which are water soluble. Such basic substances may be 
chosen from among strong bases, such as NaOB, KOH , and 
weak bases such as NH^OH , Na 2 C0 3 , NaHC0 3 , Na 2 HP0 4 and 
analogous potassium and lithium salts including K 2 C0 3 , 
30 Li 2 C0 3 , KBC0 3 , LiHC0 3 and K 2 HP0 4 , alkaline anc/or 

alkaline-earth salts of carboxylic acids having froir, 1 
to 10 carbon atoms and alkaline and/or alkaline earth 
alcoholates r having from 1 to 10 carbon atoms. 



35 



In a batchwise epoxidation reaction, 
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neutralization of the catalyst with basic substances, 
vhich are water soluble, is carried out by forming a 
slurry of the catalyst in a diluted solution of the 
neutralizing agent chosen among those mentioned above 
and stirring the slurry at a temperature of from about 
room temperature to about 100'C. for a few minutes. The 
catalyst is then removed and thoroughly washed to 
completely remove excess base. After drying, the 
catalyst is utilized for the epoxidation of the olefin, 

. • i , selectivity to epoxide. In the event the 

with surprisingly high selectivity 

epoxidation reaction is performed in a continuous flow 
(fixed bed reactor, CSTR reactor , i .e. , continuous flow 
birred tank reactor), it is sufficient to add to the 
nydrocen peroxide feed from" about 0.0001 to about 0.1% 
15 by weight of a neutralizing agent which is soluble in 

the medium and weakly basic, (e.g., C^COOHa. Na, BPO,, 
N a o C0,and the like) in order to prevent deterioration of 
the catalyst over time. In this way, it is possible to 
prevent indefinitely the catalyst from initiating the 
undesireable solvolysis by product formation reaction. 
The amount of the neutralizing agent which is employed 
depends on the nature of the reaction medium, the space 
velocity, and the temperature. 

Alternatively, neutralization of the catalyst 
is conducted by reacting the compounds pi the general 
formula (X-Si-(R) 3 ) with the titanium- silicalite. 

The reaction may be carried out in an inert 
solvent such as acetonitr ile , chloroform, pyridine and 
dioxane and the like with or without an organic base 
such as pyridine or at least one tertiary amine. In 
accordance with this procedure, it is possible to 
transform all of the SiOH groups present on the surface 
35 of the titanium- silicalite, to BI-0-Si-(*> 3 groups whxch 



20 



25 



30 
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are chemically inert to solvolysis of the epoxy ring. 

The epoxidation reaction between the olefin 
and hydrogen peroxide is performed at a temperature of 
5 from about 0 to about 150 6 C, and at a pressure of from 
about. 1 to about 100 atm with or without the presence of 
one or more solvents. 

The epoxidation reaction may be performed in 
10 batch or in a continous flow on a fixed bed f or in a 
CSTK reactor in a monophase or biphase system. 

The catalyst is stable under the reaction 
conditions and may be completely recovered and reused, 
15 Examples of the solvents which can be used include polar 
compounds such as alcohols, ketones, esters, ethers, 
glycols, with the number of carbon atoms not too high, 
preferably less than or equal to 6 carbon atoms. 
Preferred examples of the alcohols are methanol and 
20 terbutanol, A preferred example of a ketone is acetone. 

The olef inic • compounds that may be epoxidized 
according to the present invention include compounds 
having the general formula: 



25 



R l\ 



V R 4 



30 wherein R 2 , R 3 r and R 4 may be the same or different 

and are selected from H and an alkyl, alkylaryl, 
cyclbalkyl and alkylcycloalkyl group, wherein the alkyl 
group has from 1 to 20 carbon atoms f the alkylaryl group 
has from 7 to 20 carbon atoms, the cycloalkyl group has 
35 from 6 to 10 carbon atoms and the alkylcycloalkyl group 
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has from 7 to 20 carbon atoms. The Rj_, Rj, R3 and R 4 
groups may be coupled together to form saturated or 
unsaturated rings (e.g., * v * 2 may be coupled together 
and/or and R 4 may be coupled together). 

5 

The K v R 2 r R 3 . and R 4 groups described above 
may be substituted with at least one substituent 
selected from halogen (preferably Cl, Br and I), nitro, 
sulfonic, carbonilic, oxydrilic, carboxylic and ether 
10 groups. By way of example, the olefins that may be 

epoxidized in accordance with the present invention are, 
e.g., ethylene, propylene, allyl chloride, butene-2, 
butene-1, octene-1, 1-tridecene, mesityl oxide, 
isoprene, cyclooctene and cyclohexene and the like. 

15 

It is desirable to conduct the epoxidation 
reaction at a pressure higher than atmospheric pressure 
if gaseous olefins are used, in order to make them 
soluble or liquid under the reaction conditions. 
20 Operating at temperatures higher than 0-C. influences 
the kinetics of the reaction although the reaction 
proceeds rapidly even at temperatures near 0 C C. 



It 



The following examples are directed to 
25 particular embodiments of the present invention . 

should be noted, however, that the examples are merely 
illustrative and are not meant to limit the invention as 
set forth in the claims forming part of the application. 
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EXAMPLE 1 



1154 g of tetraethylorthosilicate were added 
under strong stirring to 1232 g of a 12% by weight 
tetrapropylammonium hydroxide solution and heated for 
one'hour at €0°C. 5049 g of demoralized water were 
35 added to the heated solution and stirring was continued 
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for another houfe iUhtil >a .clear solution was obtained, 
3000 g of titanium- silicalitewas carefully slurried into 
the clear solution. The .titanium- silicalite is prepared 
accdrtfteo -fco the- method disclosed in European patent 
5 application aopilS-iricprporated herein by reference, 

v w -;The.,resulting : milky slurry was fed to a 
spnay^cryex {Kir o-Atomi zer , disk-atomizer, inlet air 
tempera tfu-rte 3flO-?C»tf outlet air temperature 120°C, 
10 -Chamber -diameter l^Sm) obtaining dense microspheres 
having- a 'm^an diameter of about 20 pm. 

The atomized catalyst was put in a muffle and 
. -calcined* -for four hours at, 550°C, 200 g of atomized 
15 titanium-silicalite thus prepared were slurried in 1 liter 
of distilled water containing 10 g of sodium acetate. 
The. slutrv wss /heated at. reflux temper ature for 10 minutes 
and then 1 filtered,* , The aforementioned treatment was 
repeated: a: second time in the same way with the same 
20 reactants. The resulting product was filtered again and 
then washed many times with hot distilled water. Then 
the washed catalyst was -dried in a stove and then in a 
- muffle- at SSO^C*- . . 

25 . EXAMPLE 2 

■ 150 g. of- .titanium-silicate prepared in the 

same marJnetr. a* in Example l f were slurried in 500 mi of 
.water containing 5 g-.of Ka 2 HP0 4 , The slurry was heated 
at :refi(iXA-temperature for 15 minutes. The heated slurry 
30 was filtered and the treatment was repeated a second 
time. Thereafter the resulting product was washed 
repeatedly as described in Example 1, 



Similar dilute solutions using other bases 
35 may be employed in the same manner to prepare highly 
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active 



and selective epoxidation catalyst.. 



EXAMPLE 3 

195 g of distilled water, 280 g of methanol 
* M f- a ivBt prepared as described in Example 

tin -hanica! stm«. . ther-so.t.tic 

; e :„s IO , *=i»ta inl n 9 constant pressu,*. S* , ct . 

° c :: n a ; :tsi ; « 

It aurin 9 the entire reaction,, hydros 
vas aoaea in . sin gl e step to the slurry » the 

15 anyalyzed. 

Hydrogen peroxide was titrated by iodotnetry 

a ^ hP reaction products were enaly2ed by eas 

utilizing a column filled with Poropa* 

chromatography, utilizing T 

20 „,,*w. ....if .«.-«» 

EXAMPLE 4 

The procedure of Example 3 was followed using ^ 
ou-ntities of xeactants, except thar 4.5 g of the 

the same quantities such wit hout treatment with a base was 

25 titanium-silicalite atomx-zed as such 

" v ^^-i-ion of propylene. Tne i«4iv. 

used to carry out epoxid-tion of propy resalts 
• T -hi P 1 A* shown in Table 1, the results 

«" Sh °: D " l ^aniuWUcaUte. without treatment 

obtained using titanium- * 

. ba se vera not as g ood as those ot.ta,neo «th the 
30 treated catalyst. 



35 
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EXAMPLE 5 

450 g of methanol, 100 g of octene-1, 5 g of 
catalyst prepared as in Example 2 were loaded in a 1 
liter autoclave, provided with a mechanical stirrer, 
5 thermostatic system and constant pressure control. 50 g 
of a 34% by weight solution of H 2 0 2 were loaded in the 
tank connected to the autoclave. After thermostating at 
45°C, under strong stirring, hdyrogen peroxide was 
added to the mixture of the other reactants. Samples 
10 were drawn at regular time intervals and analyzed. 

Hydrogen peroxide was determined through 
iodometry and the reaction products determined by gas 
liquid chromatography; rafter 1-hour of reaction time: 
X5 H 2 0 2 Conversion 88% 

Octene Conversion 49.2% 



Selectivity to 1, 2-epoxyoctane 



98% 



20 



EXAMPLE 6 

400 g of methanol, 100 g of allyl chloride, 10 g 
of catalyst prepared as in Example 1, were put in an 
autoclave as in Example 5. 70 g of a 34% by weight 
solution of H 2 0 2 were loaded into the -tank. The 
reaction was carried out at 60°C. for 30 minutes. 
25 Hydrogen peroxide and allyl chloride conversion and 

selectivity to epichlorohydrin was measured in the same 
general manner described in Example 5. 

H 2 Q 2 Conversion 93% 



30 



Allyl Chloride Conversion 49."?% 
Selectivity to Epichlorohydrin 97.5% 



EXAMPLE 7 

21 g of titanium- silicalite prepared in the same 
manner as in Example 1, calcined at 550°C. and cooled in 
35 a dry atmosphere, were slurried in a mixture of 20 cc of 



11 



0230949 



anhydrous pyridine, 9 cc of tr iroethylchlorosilane and 3 
cc of hexamethyldisilazane. The slurry was kept under 
6tirring at 50°C, for 2 hours. The solid was then 
filtered, washed twice with 10 cc of anhydrous pyridine, 
5 twice with 10 cc of acetonitr ile , three times with 10 cc 
of water and then thoroughly dried in vacuo* 

EXAMPLE 8 

1154 g of tetraethylorthosil icate were added 
10 under strong stirring to 1232 g of a 12% by weight 

solution of tetrapropyl ammonium hydroxide and heated for 
1 hour at 60°C. 5049 g of deminer ali zed water were then 
added to the heated mixture and stirring was maintained 
for another hour to thereby obtain a clear solution. 
15 3000 g of titanium-silicate, prepared according to Example 
1 were carefully slurried into the clear solution. 

The resulting milky slurry was fed to a spray- ' 
dryer (Niro Atomizer, disk atomizer; inlet air temperature 
20 300 e C? outlet air temperature 120°C; chamber diameter 

1.5 -m) obtaining dense microspheres having a mean diameter 
of about 20 >im. 

The atomized catalyst was put in a muffle and 
25 calcined for four hours at 550°C. 12g of the resulting 
titanium-silicate thus prepared were treated at 80°C, 
with 6 cc of bis( tr imethylsilyl) acetamide in 10 cc of 
anhydrous acetonitrile for 2 hours. 

30 The thus obtained solid product was filtered, 

washed many times with hot acetonitrile, and then methanol. 
The washed product was dryed in a stove at 100°C. 



35 



EXAMPLE 9 

In a similar manner as described in Example 8, 
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10 g of titanium-silicate was treated with 3 cc of 
hexamethyldisilazane in 10 cc of acetonitrile. After 
refluxing for 2 hours , the resulting product was 
filtered, washed many times with acetonitrile and 
5 finally washed three times with water. The washed 
product was then dryed in vacuo. 

EXAMPLE 10 

190 g of distilled water, 280 .q of methanol 
10 and 4.5 g of titanium-silicalite wer e loaded into a 1 
liter steel autoclave, provided with a mechanical 
stirrer, thermostatic system and constant pressure 
pontrol. 52 g of a 34% by weight solution of hydrogen 
peroxide were loaded in a tank connected to the autoclave, 

15 

After thermostatic at 40°C. and pressuring 
with propylene, under stirring, at a constant pressure 
of 6 atm, the entire amount of hydrogen peroxide was 
adced in a single step to the contents of the autoclave. 
20 Samples were drawn at regular intervals and analyzed. 
Hydrogen peroxide was titrated by iodometry and the 
reaction products were analyzed by gas-liquid 
chromatography on a column filled with Porcpak PS, 1,8 m 
lor.c. The results are shown in Table 2, 



25 
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EXAMPLE 11 

A test was carried out in the sa^e way and - 
vith the same reactants as tfcose in Example 10, except 
that 4,5 g of ti tanium-silicalite treated in the same 
manner as Example 7 were loaded into the autoclave. The 
results are shown in Table 2, As shown in Table 2, the 
selectivity to the desired epoxide was significantly 
greater than the selectivity using the untreated 
catalyst described in Example 10. 
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EXAMPLE 12 



450 g of methanol, 100 g of octene-1, ana 5 g 
of catalyst prepared as in Example 8 r were loaded into a 
one liter autoclave, provided with a mechanical stirrer and a 
5 thermostatic system and a constant pressure control. 50 g of a 34% by 
weight solution of HO were loaded in a tank connected to the 
autoclave. After thermostating at 45°C* under strong 
stirring r hydrogen peroxide was added to the mixture of 
the other reactants. Samples were drawn at regular 
^° intervals and analyzed. 

Hydrogen peroxide was titrated by iodometry 
and the reaction products analyzed by gas-liquid 
chr-omatography after one^iioux.. 

15 

E 2°2 Conversion 85% 
Cctene Conversion 47,5% 

Selectivity to 1,2 epoxyoctane 97,5% 
20 EXAMPLE 13 



The reaction was carried out in the same 
manner and with the same equipment as described in 
Example 12, 400 g of methanol, 100 g of allyl chloride, 
and 10 g of the catalyst prepared as in Example 9 were 
25 added to the autoclave, 70 g of a 34% by weight 

solution cf ?<2°2 were loa ^ e - in the t&nk - The r<= action 
was carried out at 60°C, for 30 minutes, 

H 2°2 Convers * on 
30 Allylchlor ide Conversion 50,1% 

Selectivity to Epichlorohydr in 98% 
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CLAIMS 

A process for the epoxydation of olef inic 
compounds comprising reacting in a reaction 
zone one or more olefinic compounds with 
hydrogen peroxide introduced as such or 
produced by substances which can produce it 
at the reaction conditions, in presence of a 
synthetic zeolite as catalyst, containing 
titanium atoms corresponding to the general 
formula x Ti0 2 .(1-x) Si0 2 wherein x is in 
the range of from 0.0001 to 0,04 and 
titanium vicariates silicon, characterized 
in that the catalyst is neutralized, as to 
its acidity, with neutralizing agents, 
A process according to claim 1 characterized 
in that neutralization may occur before 
and/or during the reaction. 

A process according to claim 2 characterized 
in that when neutralization occurs before 
and/or during the reaction, the neutralizing 
agents are basic substances which are, at 
least , hydrosoluble . 

A process according to claim 3 characterized 
in that the basic substances are strong 
bases. 



A process according to claim 4 characterized 
in that the strong bases are NaOH or KOH. 
A process according to claim 3 characterized 
in that the basic substances are weak bases. 
A process according to claim 6 characterized 
in that the weak bases are chosen among 
NH 4 OH , Na 2 C0 3 , NaHCOj , Na 2 HP0 4 , ^ 2 C °3 ' 

Li 2 C0 3' * RC0 2' LiHC0 3 ' K 2 HP0 4' alkaline 
and/or alkaline earth salts of carboxylic 
acids with a number of carbon atoms from 1 
to 10 and alkaline and/or alkaline-earth 
alcoholates with a number of carbon atoms 
from 1 to 10. 

A process according to Claim 2 characterized 
in that when neutralization occurs before 
the reaction, the neutralizing agents are 
compounds of the type 

X-Si-(R) 3 where X is CI, Br, I, 

\ \ i 

CH 3 CON-Si-(CH 3 ) 3 , CF 3 CCON-Si-(CH 3 ) 3f R-jSiNH, 

7 

imidazolyl, and R is an alkyl, aryi; 
alkylaryl group wherein the alkyl has a 
number of carbon atoms from 1 to 4. 
A process according to claim 8 characterized 
in that neutralization occurs by reacting 
the compounds of said general formula with 
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the catalyst in an inert solvent. 
A process according to claim 9 characterized 
in that the inert solvent is chosen among 
acetonitrile, chloroform, pyridine, dioxane, 
eventually in presence of an organic base, 
A process according to claim 10 
characterized in that the organic base is 
chosen among pyridine and tertiary amines. 
A catalyst, for the epoxydation of defines, 
which is constituted by a synthetic zeolite 
containing titanium atoms corresponding to 
the general formula xTi0 2 - (1-x) si0 2 
wherein x is in the range of from 0.0001 to 
0.04 and titanium vicariates silicon, 
characterized in that the surface of the 
catalyst has Si-O-Si (R 3 ) groups, R is 
selected from alkyl, aryl, and alkylaryl 
wherein the alkyl group has from 1 to 4 
carbon atoms, and said surface has 
substantially no SiOH groups. 7 



